decrease with increase in x. They also showed that, the Cd 2+ ions are incorporated into the network structure of these glasses in the form of CdO 6 , decreasing the molar volume and compensate for the decrease in the average coordination number of tellurium atoms which was the reason for the increase in elastic moduli.
The longitudinal ultrasonic attenuation in 20Li 2 O -(80-x) B 2 O 3 -xWO 3 (0≤x≤12.5) glass system, was measured by Gaafar & Mahmoud [20] using pulse echo technique at ultrasonic frequencies 2, 4, 6 and 14 MHz in the temperature range from 150 to 300 K. They reported that, the longitudinal ultrasonic absorption at low temperatures showed the presence of well-defined peaks whose heights increase as the applied frequency increases. Those peaks were attributed to a thermally activated relaxation governed by Arrhenius relationship. Also, the peak temperature was found to decreases as the WO 3 content increases. The values of activation energy and the attempt frequency were found to increase at two different rates with increasing the WO 3 content in the glass system investigated, which means the glass network modification/forming role of WO 3 .
The aim of this search work is to study the variation of ultrasonic attenuation in hrs to remove any internal stresses. In order to measure the ultrasonic attenuation accurately, each glass sample was first ground on a glass plate using SiC abrasives by setting it in a holder to maintain the two opposite faces parallel. Then the two opposite faces were polished in order to be suitable for use in the ultrasonic attenuation measurements. The deviation in the parallelism of the two opposite side faces was about ±8 µm.
Density measurements
The density values (ρ) of all glass compositions were determined employing Archimedes principle using toluene. The experiment was repeated three times and the error in density measurements for all glass samples is ±0.005 g/cm 3 . 
Ultrasonic attenuation measurements
A cryostatic setup with liquid air as cryogen was used to set the sample at the desired temperature between that of liquid air and room temperature. The glass sample together with the bonded transducer (nonak -stopcock grease which proved to be satisfactory couplant) were placed in a suitable holder and placed inside the cooled chamber. A thermocouple was placed in direct contact with the sample in order for the temperature of the sample to be measured.
Measurements of ultrasonic attenuation were performed using an ultrasonic flaw detector USIP 20 (Krautkramer -Germany). The method used in this study was the pulse echo technique where only one transducer acted as transmitter and receiver simultaneously. All experiments were carried out in the temperature range from 150
to 300 K and at four ultrasonic frequencies namely; 2, 4, 6 and 14 MHz. heights of two successive echoes were measured and then the attenuation coefficient was calculated using the following equation;
where d is the thickness of the sample, A 1 and A 2 are the heights of the first and second echo, respectively, which represent the amplitudes of the two echoes.
Results and discussion

Glass transition temperature
The glass transition temperature (Tg) values with mol % content of CdO concentration are shown in Fig. 1 and Table 2 . With the increase in CdO content from 0 to 50 mol %, the Tg values decreased from 769 to 726 K. Gaafar et al. [19] analyzed the FTIR spectra of the glass system 50 B 2 O 3 -(50-x) TeO 2 -x CdO and The calculated values of thermal expansion coefficient α of the glasses under study (according to Makishima and Mackenzie [22] ) were found to increase from 51.3×10 −7 to 157.5×10 −7 1/ • C with the increase in CdO content from 0 to 50 mol %, as shown in Fig. 1 and 
Ultrasonic studies
Results of U l and K e with CdO contents are shown in Table 1 . As shown in Table 1 and Fig. 3 , the longitudinal wave velocity values were found to decrease with addition of CdO mol % contents at the expense of TeO 2 . While the variation of bulk modulus (K e ) increased with CdO mol % content [19] . In addition, it clearly seen from the figures that, the temperature peak position shifts to lower temperature with the increase in CdO content. Moreover, the tails of the loss curves overlap with each other's, which is mainly due to the thermal broadening as the operating frequency, is increased.
The plots of the inverse of the temperature peaks and ln the operating frequencies are shown in Fig. 6 , for all glass compositions. All plots showed straight lines confirming that for a given glass composition, the peaks fit an equation of the form;
where Table 1 .
The values of E p increased with the increase in CdO content as shown in Fig Thus, the absorption loss peaks observed in our investigation were suggested as due to the thermally activated particles, and the relaxation processes then can be attributed due to a particles moving in asymmetric double-well potentials of atomic dimension. This particle motion can be described as an oscillation around either of two-well potential minima. Passage of ultrasonic waves through the material will disturb the equilibrium, and resulted in a relative energy shift between the two minima of the double wells by an amount ∆E = Dε, where D is the deformation potential which shows the energy shift of the relaxing states in a strain field of unit strength and 
with a correlation coefficient of 99.9 %.
In addition, applying regression between the experimentally determined number of loss centers per oxygen atoms and the average stretching force constant with bulk modulus, the number of loss centers per oxygen atoms can be calculated using exponential decay method, yielding the following relationship;
The values of the experimental bulk modulus and average stretching force constant were reported earlier in Ref. [19] . Also, the values of the theoretically obtained average activation energy and number of loss centers per oxygen atoms (E p(th) & N (th) ) were given in Tables 1 & 2 .
The deformation potential is given by Gaafar and Sidkey [29] in the form; 
The values of deformation potential (D) of the glass compositions investigated are given in Table 1 . It can be seen that the deformation potential increases with the increase of CdO mol % content.
Thus, the ultrasonic waves resulted in a thermal inequilibrium, and the relaxation process will restore the equilibrium again. The particle can surmount the barrier between the double-wells in a thermally activated process. Moreover, the width of the temperature peaks, indicates that a single relaxation process with
makes this relation is unsuitable for description. Furthermore, the activation energies, E p , obtained in this study (Table 1) energies. Thus, the loss peaks have to be described in terms of the distribution of relaxation times with each relaxing particle moving in the double-well potential [30] .
Also, for a system of (n) particles per unit volume moving in identical double well potentials of barrier height (see Fig. 8 ), the internal friction is given by the equation; , where K is Boltzmann's constant, T is the absolute temperature, α is the ultrasonic absorption coefficient in Nepers per unit length, ω is the angular frequency, V is the phase velocity, τ is the relaxation time, τ o -1 is the attempt frequency for the particle in either well, ∆ is the free-energy difference between corresponding particle states in the two wells, i.e. the separation of the well minima, n is the number of loss centers and D is the deformation potential which represents the energy shift of the two well states in a strain field of unit strength averaged over all possible well orientation. Thus, for the asymmetric distribution, where ∆ ≥ 2KT and taking n(∆) = n o , equation (6) can be rewritten with a constant independent of both ∆ and E in the simple form;
where n(E)dE is the number of two-well systems (number of loss centers), with barrier height in the range from E to (E + dE) which is expressed as a function of vibrating particles.
The borate glasses are regarded as three-dimensional networks A-O-A (A= cation, O = anion) bonds, there will be also a distribution of both the thermally averaged cation -anion -cation spacing about an equilibrium value and a corresponding distribution of (A-O-A) angles. In addition, there will be always a distribution of A-A separations (bond lengths) with values either greater or less than the equilibrium (crystalline) value. Therefore, the total number of the two -well systems per unit volume is proportional to the oxygen density [25] .
Considering a distribution of double-well systems of vibrating particles, that will arise from the spread of cation-anion spacing with a distribution of barrier heights, Gilroy and Phillips [30] have assumed that for asymmetric double -well potential n(E) takes the form;
Assuming that
, where E p is the activation energy, then equation (9) can take the form; As reported before [20] , it is hard to justify this assumption for the form of n(E), it has the advantage that n is expressed in terms of the experimental parameters Ep and ( )
of the acoustic loss process alone. The purpose of choosing a specific form for n(E), is to make possible a discussion of the compositional dependence of the two well systems and no more.
Therefore, the total number of two -well systems per unit volume was calculated for the absorption loss peaks observed to all investigated glass compositions at applied ultrasonic frequency of 2 MHz, which has been selected as an example (in order to discuss the compositional dependence of the number of two well systems per unit volume), and showed in Table 2 and Fig. 9 .
The Oxygen density [O] was also calculated for the three glass systems under investigation according to an equation [31] in the form;
where C is the total amount of oxygen in 100 gm of the glass, G is the volume of 100 gm of glass, and N A is Avogadro's number. Table 2 where α is the ultrasonic attenuation coefficient in dB/cm (maximum relaxation loss at T p ), V is the longitudinal ultrasonic velocity and f is the operating frequency. Table   1 showed the values of relaxation strength which are an indication of the defect concentrations. It shows that, at the same operating frequency, the relaxation strength increases with increasing CdO modifier content. Moreover, the relaxation strength decreases with increasing the operating frequency for the same modifier content. by CdO (with octahedral coordination number), thus the activation energy of the relaxation process is increased with the increase in cross-link density which can be explained by taking into account two factors. First, the increase in the distribution of cadmium ions among the B-O chains as a network modifier, which causes the increase in the cross-link density of the glass, network structure. The second is the decrease in the relative strength of bonds [33] [34] , which consequently means the increase in the number of two-well systems per oxygen atom (number of vibrating atoms).
Thus, addition of CdO modifier content (with larger bond length and lower bond strength) at the expense of TeO 2 , resulted in the following; a) Decrease in the average bond strength of the glass network structure (see Table 2 ), that led to the increase in the number of two well systems (i.e. the increase in the number of atoms which are free to vibrate), and consequently 
Theoretical treatment of longitudinal vibrations
The central force model was proposed according to Bridge & Patel [25] , the deformation potential was calculated theoretically using the following equation, for TeO 2 and 6 for CdO), δx is the bond length times 2 and δy is the separation of minima in the two-well potential as shown in Fig. 8 . δx was taken according to [35] [36] . The values of δy were calculated according to the theoretical treatment of longitudinal two-well systems, which are shown in Fig. 11 . Values of the longitudinal modulus are given in Table 2 . Table 2 for each glass composition.
It clearly seen that the single minimum potential occurs for the elongation less than (e<1) for all glass systems. For elongation values above 30 %, the two-well potential starts to develop. For elongations between 57.9 -99.4 %, the potential barrier increases from 0.345 eV to 0.685 eV when CdO content between 0 to 50 mol %. In addition, with the increase of CdO content from 0 to 50 mol %, the mutual potential energy (see Table 2 ) will decrease as a direct effect of decreasing the average bond strength and the average stretching force constant. Table 2 , were found to be in good agreement with those experimentally determined. They showed that the incorporation of CdO between 0 and 50 mol % content, caused the linear elongation of B-O bonds from 57.9 to reach 99.4%.
Conclusions
The longitudinal ultrasonic absorption at low temperatures showed the presence of well-defined peaks whose heights increase with increasing the applied frequency.
Those peaks ascribed to the thermally activated relaxation governed by Arrhenius relationship. In addition, the peak temperature values decreased with the increase in CdO content. The activation energy, the attempt frequency, deformation potential and relaxation strength values were found to increase with increasing the CdO content.
Moreover, the values of the number of loss centers increased with the increase in activation energy, due to the replacement of CdO content with higher bond length, higher coordination number and lower bond strength at the expense of TeO 2 with lower bond length and higher bond strength, which will cause the decrease in the average bond strength and linear increase in the elongation of B-O bonds. Such parameters are dependent on the experimental bulk modulus, average stretching force constant and average atomic ring diameter, which have been discussed earlier in Ref. [19] . Ep (th) [eV] F o r R e v i e w O n l y 
